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and the other a small, dome-shaped, smooth colony (Fig. 1). The rough 
colony, when plated out, always gave rise to both types; but the smooth 
colony always gave rise to smooth colonies only. 

Since a rough colony when plated out  gives rise to two types of 
colonies on the same plate under the same conditions, there must be 
a t  least two types of cells in the colony. But  since a smooth colony gives 
rise only to  smooth colonies, a smooth cell may be dejlzed as one which 

Fig. 1. Photogrnph of rough (right) and smooth (left) colonies of Salmonella Aerfrycke. 
1II.T. 2 C. 

by itself, on a standard agar plate, can give rise only to  a smooth colony. 
A rough cell may be deJined as a cell which, by itself or with  one or more 
smooth cells, can give rise to a rough colony. Since, however, in the 
thousands of rough colonies that  have been examined smooth cells have 
always occurred, we are forced to conclude either that  a rough cell as 
such can never exist independently of one or more smooth cells, or tha t  
rough cells constantly give rise to smooth cells which are in the nature of 
genetic mutants. 
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To settle this question, a broth suspension of 100 million organisms 

per C.C. (estimated by turbidity) was made from a'rough colony and, by 
the micro-isolation technique described by Kahn (31, sixteen single-cell 
isolations were made and inoculated on the surface of agar plates. Six 
of these grew into colonies, of which four were rough and two were 
smooth. On subsequent plating the smooths gave rise to  smooths only, 
while cach rough gave rise to  both rough and smooth colonies. 
Apparently, of the six cells which grew into colonies, four were rough 
cells and two were smooth. 

Since microscopically all six were of so nearly the same dimensions 
as to be indistinguishable, i t  is manifest tha t  the single rough cells could 

'not have been accompanied by undetected smooth cells. We can there- 
fore disregard the possibility tha t  a rough cell cannot exist independently 
of one or more smooth cells, and conclude tha t  the development of 
smooth cells from the parent rough cells is true genetic mutati0n.l 

TECHNIQUE 
(1) Media 

All of the st,adirs licre tlrscribcd were made on plates of Bacto-Beef 
heart infiision agar, aiitoclaved for '20 min. a t  18 lh. steam pressure in 
170 C.C. batches. Thc agar was melted in boiling water, 1 day before use, 
ant1 brought to  a boil with a micro burner, to  dissolve the sediment 
forrrirtl on autoclaving and to prevent thc formation of inhomogeneities 
in the plate o n  cooling. It was then cooled to about 50" C. and poured 
into 100 mm. Petri dishrs, aboiit 17 C.C. to each plate. The plates were 
left in  t h  incii1)ator for 34 hours at 37" C. and, if sterile, used im- 
mediately tliereaftcr. 

(2) Plating out 
A portion of the colony to be plated is picked up on a flamed loop 

previously cooled in sterile agar and streaked out  on the plate as shown 
in the diagram (Fig. 2). No plate was used unless i t  contained at least 
150 well-separated colonies. 

An alternntive explnnation of these findings would be, that a rough cell is merely 
a smooth cell contnminated hy an ultrn-microscopic virus; and that those of the progeny 
of the rough cells which continue to be so contaminated give rise to rough colonies, while 
those which are not so contaminntcd give rise to smooth colonies. There is, however, no 
evidence whatsoever for the existencc of such R virus. Further, since the same t y p  of 
a priori reasoning might equally well be extended to include the aesumption of ultra- 
microscopic contamination of chromosomes a8 the source of genetic mutation. we feel safe 
in disregarding it, 



111 applying our coticcpts to tlir stiitly of variation, it) is iniportniit to 
establish tlie prrcisioii with wliicli qiiatititativt. (liitii w i i  h i  ol)tniiicd. 
linking use of the dcfiiiitions of rough and sniooth cvlls, tlir p w w t i i g e  
of sniootli cells in rough colonies grown on stimdartl a p r  at, 37" C'. for 
24 Iiours W R S  invcstigated by determining tlir pcrcciitage of smooth 
co1oiiic.s 011 stiiutlard plates made from thrni. Two Iiiindrr.tl and twenty- 
four plates were coriiitetl over a period of 60 coiiscciitivc days. The 
clistrihiitioii of tlic vtiliies found is given in Fig. 3. Tlir daily values are 
givw i i i  Fig. 4. Tlic irvcxmgc valiir of tlir pcrccvit;ijLc> of sniootli coloiiics 
is 1'3.95. Tlic ovcrugc tlcviutioti is 1.71 and the dwiutiuii of the x~ieati is 
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is analogous to a tissue, wo Idirvc tliat t l i v  kitit4c.s o f  v i i t i i t i i i i i  i t 1  t Iii\ 
phase of bacterial growth will shed light 011 tlic geiwrtti I )ro l )I tw o f  t.i.11 

variation in tissues. 
SUMMARY 

1. Macroscopic characteristics of Imctcrial ciiltiirvs ! i i~vt*  I ) w t i  bt iiiliivl 

2 .  By singlc-crll micro-isolation, it lias bcrii tli~nioiisti~iitc~cl t l l i i t  t 1 1 1 .  

3. It hiis h w n  shown that  a rough colony grown at 37” C. Iias 20 par 
ccitit sniootli cclls and that  a rough colony grown a t  2 7 O  C. liils 37 per ccutit 
slllootll cdls. 

4. I t  11;~s I ~ w i  sliowii tliiit tlic percwtagc of smooth cells in :L roitgli 
cwloiiy t l ~ ~ p w i t s  0 1 1  tlic iiiciil):&in temperature, and not on tlit: Iiistory 
of t h o  ( Y I I  from wliic:li it is derived. 

5. Fiirtlier possibilities of this method of study have been suggested. 

as a moans of charactrrizing cclls from wliicli t1ic.y iLrt’ t l t i w t l .  

occiirreiicc of smooth cclls in rough colotiies is dric to mitt. , L  t ‘  ~ 1 0 1 1 .  


